M
embers of the mammalian nucleotidebinding domain-, leucine-rich repeat (LRR)-containing receptor (NLR) family of proteins have emerged as key regulators of inflammation. Among the members of this family, much attention has focused on NLRP3 (also called cryopyrin or NALP3). Naturally occurring mutations in the gene encoding NALP3 are linked to a trio of dominantly inherited autoinflammatory disorders characterized by excessive production of interleukin 1β (IL-1β) 1 . This highly inflammatory cytokine is normally stored in cells as inactive pro-IL-1β, which, after cells are stimulated, is rapidly cleaved enzymatically by activated caspase-1. NLRP3 and the adaptor protein ASC are core constituents of a caspase-1-activating complex called the 'inflammasome'. Once activated, caspase-1 cleaves and activates pro-IL-1β and pro-IL-18, which then elicit inflammation after being released from the cell 2 . So far, mainly microbial pathogenassociated molecules and toxins have been identified as stimulating activation of the NLRP3 inflammasome and secretion of IL-1β. However, a growing number of hostderived molecules that alert the immune system to cell injury and tissue damage have also been identified as key triggers of activation of the NLRP3 inflammasome. These molecules, called 'damage-associated molecular patterns', include ATP and gout-associated monosodium urate crystals. Two reports in this issue of Nature Immunology, by Hornung et al. 3 and Halle et al. 4 , now expand the list of NLRP3 activators to include environmental and neurodegenerative stimuli. Moreover, these reports identify lysosomal permeabilization and rupture, followed by the subsequent release of cathepsin B, as a common pathway that leads to IL-1β release by means of the NLRP3 inflammasome 3, 4 (Fig. 1) .
Although many NLRP3 activators have been identified, it remains unclear how these diverse stimuli trigger NLRP3 activation. One model posits that NLRs, like some Toll-like receptors, directly interact with pathogen-associated molecular patterns; another model posits that these divergent stimuli are detected through indirect pathways. The latter mode of detection seems to be the case for most nucleotide-binding site-LRR (NBS-LRR) proteins in plants, a related set of structurally conserved proteins required for pathogen detection, as few NBS-LRR proteins bind directly to pathogen-derived molecules. Instead, most NBSLRRs are triggered by host proteins that have been 'preferentially' modified by pathogenderived molecules. In this way, NBS-LRRs act as 'guard' proteins able to detect a broad spectrum of stimuli by monitoring relatively few host targets 5 . Given the mechanisms in plants, it is possible that the NLRP3 inflammasome is also activated through a common pathway 'downstream' of diverse stimuli. The two papers in this issue provide evidence to support that hypothesis.
In the first report, Hornung et al. investigate the mechanisms governing silicon dioxide (silica)-induced inflammation. Longterm, typically occupational exposure to silica particles results in silicosis, a progressively debilitating respiratory condition characterized by pulmonary inflammation and fibrosis. After being inhaled, silica crystals accumulate in the lung airways, where they are engulfed by resident macrophages. This results in the production of several proinflammatory cytokines, including IL-1β. Although this was first recognized by Bernardino Ramazzini in 1705, the molecular mechanisms governing silica-induced inflammation have yet to be fully elucidated.
Hornung et al. demonstrate that silica crystals are potent activators of inflammation in vitro, as they find that stimulation of lipopolysaccharide-primed human peripheral nLRs and the dangers of pollution and aging
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The production of inflammatory interleukin 1β after uptake of silica crystals and alum salt or amyloid-β occurs by a process that involves lysosomal destabilization and release of cathepsin B that activates the NLRP3 inflammasome. Figure 1 Lysosomal permeabilization activates the nLRP3 inflammasome. Phagocytosis of silica crystals, aluminum salts or amyloid-β fibrils results in lysosomal permeabilization (dashed red line). This causes release of the lysosomal protease cathepsin B into the cytoplasm, which contributes to nLRP3 activation through an as-yet-unknown mechanism. Once activated, nLRP3 initiates cell death and the formation of a caspase-1-activating complex (the inflammasome). Processed caspase-1 then cleaves and activates pro-iL-1β, which elicits inflammation after being released from the cell. PYR, pyrin domain; nBd, nucleotide-binding domain; CARd, caspase-recruitment domain; Fiind, domain with function to find. 3 . In the absence of silica crystals or any other known NLRP3 stimuli, the authors show that osmotic or chemical permeabilization of lysosomes activates caspase-1 cleavage and IL-1β production; this 'sterile' lysosomal rupture does not result in the release of IL-1β from macrophages lacking NLRP3 and ASC. These results support the idea that silica crystals, rather than being detected directly by NLRP3, are probably being 'sensed' indirectly by NLRP3 by 'monitoring' lysosomal integrity. These data, in combination with the work by Halle et al., elucidate a mechanism by which many diverse stimuli activate the NLRP3 inflammasome and elicit the release of IL-1β. This mode of 'indirect' activation is similar to the activation of many plant NBS-LRR proteins: one intracellular sensor responds to many cellular insults by detecting a common 'activating target' elicited 'downstream' of the molecules that similarly elicit the stimulus.
These reports raise several questions. First, how does cathepsin B activate NLRP3? It is unknown if these proteins directly interact or how cathepsin B may regulate either the formation or activity of the inflammasome. However, given the requirement for cathepsin B proteolytic activity, NLRP3 activation probably involves the processing of one or more inflammasome-associated components. It is worth noting that several plant NBS-LRR proteins are activated after proteolytic cleavage of an associated host protein after psuedomonas infection 12 . A second question involves the mechanism of lysosomal permeabilization. Another report has demonstrated that the pore-forming protein pannexin-1 can transport extracellular NLRP3 stimuli into the cytoplasm after P2X7 receptors bind ATP 13 . It is possible that ion translocation, particularly potassium efflux, through these same pannexin pores may initiate lysosomal permeabilization, thereby facilitating the delivery of cathepsin B into the cytoplasm. Finally, for all NLRP3-activating stimuli, future studies will need to address the in vivo consequences of NLRP3-mediated cles of amyloid-β 4 . Insoluble aggregates of amyloid-β have long been associated with Alzheimer's disease, a neurodegenerative disorder characterized by progressive memory loss, cognitive impairment and dementia. Aggregates of misfolded amyloid-β protein arise from proteolytic processing of amyloid precursor protein and are typically present as extracellular 'senile plaques'. These plaques trigger the production of inflammatory cytokines, including IL-1β, after phagocytosis by resident microglia and infiltrating macrophages. Halle et al. demonstrate that fibrillar amyloid-β elicits cleavage of caspase-1 and production of IL-1β in wildtype microglia and macrophages and that the NLRP3 inflammasome is required for this response 4 . Notably, NLRP3-and caspase-1-deficient cells have less of the inflammatory cytokines tumor necrosis factor and nitric oxide after amyloid-β stimulation, which suggests that the release of IL-1β from wildtype cells acts in an autocrine way to amplify inflammation through the induction of other proinflammatory mediators. In all cases, they find that nonfibrillar amyloid-β fails to activate the NLRP3 inflammasome, which indicates that the structural properties of amyloid-β influence its inflammatory potential. The authors demonstrate relevance in vivo by stereotactically injecting amyloid-β into the striatum of mice. They find that microglial accumulation and activation is lower in ASC-and caspase-1-deficient mice, although they do not directly examine the function of NLRP3 in this process.
Although several reports on activation of the NLRP3 inflammasome have undoubtedly advanced understanding of the mechanisms underlying the inflammation associated with silicosis, alum adjuvant activity and Alzheimer's disease, the two papers in this issue Nature Immunology provide an additional notable finding: activation of the NLRP3 inflammasome by all of these stimuli is mediated by lysosomal 'destabilization' or permeabilization. The authors of both studies conclude that NLRP3 activation by lysosomal destabilization requires phagocytosis of the crystals or amyloid-β fibrils because treatment with cytochalasin D prevents lysosomal damage and NLRP3-mediated release of IL-1β. Moreover, these studies show that permeabilization of lysosomes results in release of the endosomal-lysosomal protease cathepsin B into the cytoplasm. Treatment with the cathepsin B-specific inhibitor Ca-074-Me results in much less IL-1β elicited by both stimuli, which suggests that the cytoplasmic localization and proteolytic activity of cathepsin B is involved in activating the blood mononuclear cells elicits dose-dependent release of IL-1β. To investigate the in vivo relevance of their results, Hornung et al. transorally challenge mice with silica crystals. In contrast to wild-type mice, mice lacking the IL-1 receptor have much less recruitment of neutrophils to the lungs, which indicates that silica-induced IL-1β further perpetuates the development of inflammation in vivo. To determine which NLR family members are involved in the innate immune response to silica crystals, Hornung et al. stimulate macrophages isolated from NLRP3-and ASCdeficient mice. Their results are similar to those of two other published reports showing that both NALP3 and ASC are required for caspase-1 activation and IL-1β release in response to silica 6, 7 . Hornung et al. further show that this same pathway is important in mediating caspase-1 activation and IL-1β release induced by aluminum hydroxide salt (alum), a common adjuvant used in human vaccines. This is in agreement with the findings of two other studies 8, 9 . Furthermore, by using cytochalasin D to disrupt actin filaments, Hornung et al. demonstrate that phagocytosis of silica, monosodium urate or alum crystals is needed to activate the NLRP3 inflammasome, which also agrees with published observations 3, 4 .
However, the report by Hornung et al. 3 provides evidence at odds with the findings of other publications 6,7 on the requirement for reactive oxygen species (ROS) in crystalinduced activation of the NLRP3 inflammasome. One of those reports proposes that ROS generated by NADPH oxidase after crystal phagocytosis are responsible for activation of the NLRP3 inflammasome 6 . Studies with pharmacological inhibitors of NADPH oxidase, ROS 'detoxifiers' and short hairpin RNA to 'knock down' the p22phox subunit of NADPH oxidase show that cells exposed to asbestos, monosodium urate or silica crystals have less caspase-1 activation and IL-1β processing 6 . Similar results based on pharamacological inhibition of NADPH oxidase have also been obtained 7 . In contrast to those studies, Hornung et al. evaluate the contribution of ROS to NLRP3 activation by using macrophages isolated from mice lacking the gp91phox subunit of NADPH oxidase and find there is no less caspase-1 activation or IL-1β production after stimulation with either silica or monosodium urate crystals. As these three studies use different methodological approaches, additional work will be needed to resolve the discrepancy.
In the other report in this issue of Nature Immunology, Halle et al. demonstrate that NLRP3 is also activated by fibrous parti- Both cellular migration and immune receptor activation are dependent on the actin cytoskeleton, a flexible, dynamic network of fibers that cells use not only to apply mechanical force but also to organize and modulate signaling pathways. Activation of lymphocyte effector functions is also often mediated by actin-driven assembly of cell-cell synapses, such as the lytic synapse of NK cells or the immune synapse that activates T cells; stabilization of these interactions requires the activation of integrins, such as the β 2 integrin LFA-1 in the effector lymphocyte plasma membrane, and concomitant signaling to actin cytoskeletal regulators 1,2 . Although it has been apparent for some time that immune receptor and motility signaling must converge to cooperatively regulate the actin cytoskeleton, factors that might serve as such a central 'switch' have not been clearly identified. In this issue of Nature Immunology, Butler, Kastendieck and Cooper show that both adhesive and chemotactic signaling converge on the actin cytoskeletonremodeling factor HS1, with distinct HS1 phosphorylation sites regulating each process 3 .
HS1 is a member of the cortactin family of proteins, which are Src kinase substrates that contribute to the assembly of a branched actin network by binding nascent filaments and the actin nucleation-promoting factor Arp2/3 complex 4 . HS1 has been linked to the regulation of immune synapse formation in T lymphocytes through its ability to regulate actin assembly through the Rho-family GTPase guanine nucleotideexchange factor Vav1 (ref. 5) . Consistent with that finding, Butler and colleagues now demonstrate that HS1 is also necessary for formation of the lytic synapse and cytotoxic killing 3 . In doing so, they note that HS1 tyrosine residues are phosphorylated in response to the ligation of a variety of receptors, including the integrin ligand ICAM-1, the chemokine receptor CXCR5, and NKG2D, the NK cell-activating receptor responsible for initiating target killing. Combining knockdown of HS1 mediated by short hairpin RNA in NK cells with ectopic expression of HS1 molecules bearing phenylalanine substitutions at Tyr397 or Tyr378 (Y397F or Y378F, respectively), Butler and colleagues go on to examine the distinct functions of these two tyrosine residues, which are involved in 
